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Abstract
Objective To compare the mid-term outcomes in intra-articular distal humerus fracture (AO/OTA type C) treated with either
open reduction–internal fixation (ORIF) or total elbow arthroplasty (TEA) in patients older than 75 years and with more than
five years of follow-up.
Methods Retrospective study including 24 patients (11 TEA vs. 13 ORIF) with a mean age of 82 years and being all females.
Results assessed included (1) radiographic measures; (2) functional results: range of motion, Mayo Elbow Performance Score
(MEPS), quick-DASH; and (3) complications.
Results TEA group vs. ORIF group achieved amean flexion of 117° ± 9.6° vs. 106° ± 14°, extension loss of 38° ± 17° vs. 30.8° ±
16°, pronation 75° ± 5° vs. 85° ± 7° and supination 75° ± 4° vs. 70° ± 5°. Mean MEPS score was 71.6 vs. 83.6 (p = .183) and
mean quick-DASH was 44.8 vs. 42.6 (p = .789). All 13 patients in the ORIF group demonstrated radiographic signs of bone
union and none underwent conversion to TEA. Sixty-three percent of the patients in the TEA group underwent re-operation at an
average of 72 months (62.4–75.2 months), including three for periprosthetic fracture and four for implant loosening.Whereas in
the ORIF group, 23% of the patients were re-operated upon excluding olecranon osteotomy hardware, two for stiffness, and one
for an olecranon tension band wire failure.
Conclusions Although there were no differences in mid-term functional outcomes between either treatment, our results suggest
that the recent trend towards the use of TEA instead of ORIF in the elderly should be re-examined due to the high rate of
complications beyond five years of follow-up with TEA.
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Introduction

Recent epidemiological studies have indicated that the in-
cidence of distal humerus fractures (DHF) in the geriatric

population is rising steadily [1]. Intra-articular DHF in
older women are still a problem with no foreseeable surgi-
cal solution. Poor bone quality, fracture comminution, co-
morbidities and poor compliance with post-operative phys-
ical therapy programs have contributed to suboptimal open
reduction and internal fixation (ORIF) results. With im-
proved implant design and surgical techniques, the number
of geriatric DHF treated with total elbow arthroplasty
(TEA) in the United States has increased dramatically
[2], and although TEA provides immediate satisfactory re-
sults over ORIF and more predictable outcomes over the
short-term with faster rehabilitation, it also has major dis-
advantages such as post-operative weight-bearing restric-
tions (so important in the older adult) and survival rate [3].
Only a few studies have specifically addressed the results
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after ORIF or TEA at more than five years follow-up in
this group of older patients.

Therefore, the purpose of the present study is to critically
analyze the mid-term functional and radiological outcomes of
older adults over the age of 75 years who underwent ORIF or
TEA for a complete intraarticular type C DHF according to
the AO/ASIF classification.

Material and methods

Study group

This retrospective study was performed in a level I trauma
centre after obtaining approval from the internal review board
of our institution (19/418-E_TFG). Between December 2009
and January 2016, 34 complete intra-articular type C DHF
according to the AO/ASIF classification in patients older than
75 years underwent ORIF or TEA. Patients with DHF other
than type 13C, younger than 75 years, with previous injuries
to the fractured elbow, neuro-muscular disease or with open
fractures were not included. Of the 34 patients, 10 (6 in the
TEA and 4 in the ORIF group) had died by the time this study
was initiated, at a mean of 82 months after surgery and at an
average age of 86 years, and four other patients were unavail-
able for follow-up because of inadequate radiological or clin-
ical data. Four of the ten patients who had died had been
followed-up clinically and radiographically for more than
five years; therefore, they were included in the study, and
the last clinical evaluation and x-ray images were used.
Finally, 24 patients were included in the present study. Of
these fractures, 11 were treated with a TEA with a mean
follow-up of 67 months (60–84) and 13 were treated by
ORIF with a mean follow-up of 62 months (61-78).

Surgical procedure

Surgery was carried out under general anaesthesia in the lat-
eral decubitus position and with a sterile tourniquet. All the
patients were operated on by one of the three senior shoulder
and elbow surgeons. In each case, an effort was made to per-
form an open reduction and internal fixation; however, when
there were doubts that a stable fixation could be achieved, a
total elbow arthroplasty was chosen. Although the type of
surgical treatment was planned pre-operatively, in doubtful
cases, both procedures were prepared and the final decision
on treatment was made intra-operatively after performing an
Alonso- Llames approach and visualizing the fracture pattern
and bone stock.

For ORIF procedures, a standard midline posterior ap-
proach was performed with an olecranon osteotomy fixed at
the end of the procedure by tension band wiring or with a
screw augmented with tension band wire. The Mayo Clinic

Congruent elbow plate system (Acumed; Hillsboro, OR) was
used in all cases in a parallel configuration.

The Alonso-Llames approach (bilaterotricipital approach)
was employed in all TEA procedures. The Coonrad-Morrey
semi-constrained TEA (Zimmer®, Warsaw, IN, USA) was
used in nine patients and the Link® Endo-Model® elbow
prosthesis (Link®, Hamburg, Germany) in two patients.
Antibiotic-impregnated bone cement was used in all patients.

The ulnar nerve was transposed into an anterior subcutane-
ous position in five cases (4 ORIF and 1 TEA). Prophylaxis
for heterotopic ossification with indomethacin was not rou-
tinely used unless there was a prior history of this complica-
tion in a previous surgery (none of the cases in this series).

An elbow resting splint was used in all the patients of the
ORIF group for two to three weeks after surgery, and only for
the first two post-operative days to provide pain relief in pa-
tients with TEA. Formal post-operative rehabilitation at our
institution was started for both groups at three to four weeks
post-surgery.

Functional and radiological assessment

At final follow-up, elbow function was evaluated with the
Mayo Elbow Performance Score (MEPS) and the
QuickDash scoring system. The active range of motion
(ROM) was measured with a standard goniometer. MEPS
results were considered excellent (> 90), good (75–89), fair
(60–74), and poor (< 60). Charlson Comorbidity Index (CCI)
[4] was used to compare the medical situation in terms of
comorbidities. Functional evaluation was performed by two
independent examiners not involved in the surgical proce-
dures (PC, LB).

Radiographic assessment was performed with two standard
views: anteroposterior and lateral. Pre-operative evaluation
included fracture classification according to the AO classifi-
cation. The presence of nonunion, material protrusion, and
fixation failure was evaluated in the ORIF group. In the
TEA group, radiographs were evaluated to determine signs
of prosthesis loosening [5]. Additionally, heterotopic ossifica-
tion was evaluated according to the Hastings and Graham
classification [6]. Complications were divided into minor
complications (staged olecranon osteotomy hardware remov-
al, transient nerve symptoms, or heterotopic ossification not
requiring additional surgery) and major complications (man-
datory hardware removal due to intraarticular screw protru-
sion, non-union, elbow stiffness, permanent nerve injuries,
implant loosening or periprosthetic fracture, and heterotopic
ossification or nerve injuries requiring additional surgery).

Statistical analysis

Statistical analysis was performed using SPSS for Mac (IBM
SPSS Statistics 22, Chicago, Illinois). Continuous variables
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were reported as mean ± standard deviation, and categoric
variables as counts and percentage. The Mann–Whitney test
was used to compare quantitative variables between groups
and the Fisher test for qualitative variables. Statistical signif-
icance threshold was set at p < .05.

Results

Epidemiological results

The mechanism of injury was fall from standing in 23 patients
and the dominant arm was involved in 14 patients (58%).
Using the AO/ASIF classification, four were 13-C1, seven
were 13-C2, and thirteen were 13-C3. The mean age at sur-
gery was 82 years (80-–88) in the TEA group and 79 years
(75–88) in the ORIF group, with all patients being female. The
CCI TEA/ORIF was 5.8/5.4 (p = .114), being both groups
comparable.

Clinical outcomes

Mean ROM for each treatment is summarized in Table 1.
There were no statically significant differences between either
treatment in flexion, extension, pronation, or supination (p =
.143; p = .198; p = .135; p = .156 respectively). The mean
functional scores TEA/ORIF was QuickDASH 44.8 ± 6/ 42.6
± (p = .789), MEPS 71.6 (2 excellent, 3 good, 3 fair, 3 poor)/
83.6 (5 excellent, 6 good, 1 fair, 1 poor) (p = .183).

Epidemiological and clinical results are summarized in
Table 1.

Post-operative radiographic evaluation,
complications, and re-operations

All patients treated with ORIF demonstrated radiographic
signs of bone union. However, in the TEA group, there were
evident radiographic signs of implant loosening in
seven cases. Heterotopic bone was more common after TEA
(45.4%) than ORIF (23%) but none of them required addition-
al surgery. The overall complication rate was higher in the
TEA group than in the ORIF group (Table 1). In the ORIF
group, three patients (23%) required re-operation. Major com-
plications were one permanent ulnar nerve lesion (not re-
operated on); this lesion was a paralysis of a non-transposed
ulnar nerve in a patient with pre-operative sensitive symp-
toms. Two cases with stiffness requiring elbow release (8
and 12months post-operatively) and a failure of the olecranon
tension band wiring used to fix the osteotomy that required
reoperation by fixing the osteotomy with a plate at
three weeks post-operatively.

In the TEA group, seven patients (63.6%) required re-op-
eration. Major complications were two injuries to the ulnar

nerve (one paralysis and one paresis) and one permanent pa-
ralysis to the radial nerve, none of which were re-operated and
none of which were present at the pre-operative clinical eval-
uation; three periprosthetic fractures requiring revision

Table 1 Epidemiological and functional results TEA vs ORIF

TEA (n = 11) ORIF (n = 13) p

Mean follow-up 67 (60–82) 62 (61–72) .429

Mean age (years) 82 (80–88) 79 (75–88) .392

Male/female 0/11 (100%) 0/13 (100%)

Side

Dominant 7 (63.63%) 7 (53.85%) .87

Non dominant 4 (36.36%) 6 (46.15%) .84

Mechanism of injury

Fall from height 10 13

High energy 1 0

OTA/AO classification

13 C1 2 (18.18%) 2 (15.38%)

13 C2 2 (18.18%) 5 (38.46%)

13 C3 7 (63.63%) 6 (46.15%)

Mean CCI 5.8 5.4 .41

Associated fractures 6 (54.54%) 5 (38.46%) .70

Preop Barthle index .94

No. of patients PDADL 4 (36.36%) 2 (15.38%)

Days from admission to surgery 11 (5–14) 7 (3–9) .11

Length of stay (days) 6.2 4.3 .80

MEPS 71.6 83.6 .383

Quick-DASH 44.8 42.6 .789

Mean flexion 117° ± 9.6 106° ± 14° .143

Mean loss of extension 38° ± 17° 30,8° ± 16° .198

Mean pronation 75° ± 5° 85° ± 7° .135

Mean supination 75° ± 4° 70° ± 5° .156

Complications

Stiffness - 2

Olecranon osteotomy failure - 1

Ulnar nerve deficit

Transitory 2 3

Permanent 2 1

Radial nerve (permanent) 1 0

Humeral fracture nonunion - -

- -

Aseptic loosening 7 -

Periprosthetic fracture 3 -

Heterotopic ossification 5 3

Grade IIA 3 1

Grade IIB 2 2

Reoperation for any reason 63.64% 23%

CCI, Charlson Comorbidity Index; PDADL, partially dependent for
Activities of Daily Living; MEPS, Mayo Elbow Performance Score;
DASH, disabilities of the arm, shoulder and hand
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surgery, two of them at the ulnar component which, prior to
the fracture, had radiographic signs of implant loosening, and
were treated with an ulnar plate and replacing the ulnar com-
ponent with a longer stem, while the patient with the humeral
periprosthetic fracture had the humeral stem replaced by a
longer one and a synthesis with a humeral plate reinforced
with an allograft (Fig. 1); finally, five additional cases had
implant loosening (three with progressive radiolucency lines
in both components and two only in the ulnar component). Of
these five implants loosened, four were re-operated upon and
one not due to the patient’s medical situation, although clinical
loosening was evident. Excluding the abovementioned
periprosthetic fractures, among the four re-operated patients,
the three with radiolucency lines in both components were
revised with a longer humeral and ulnar stem, and one of them
also required filling the humeral canal with cancellous bone
graft. The patient with radiolucency lines only in the ulnar
component was revised to a long ulnar component.

The revision surgery in the TEA group were performed at
an average of 72 months of follow-up (62.4–75.2 months)
with the mean age of the patients being 88 years old (85–89).

Discussion

Surgical treatment of DHF remains challenging. Although
ORIF is considered the gold standard for simple fracture pat-
terns and fractures in young patients, the complexity of the
fracture due to the presence of osteoporotic bone and
metaphyseal comminution in the elderly makes relative indi-
cations of ORIF and TEA less clear. Much effort has been
made to determine the treatment outcomes of these fractures
in the elderly, but given their low incidence, existing studies
are limited to retrospective observational studies [7] with only
one prospective randomized study comparing both results [8,
9]. Many of these studies comparing TEA vs. ORIF (Table 2)

have documented good to excellent clinical outcomes at short-
to mid-term follow-up [8, 12, 14]. However, a major concern
regarding the use of primary TEA for fractures in this specific
population has been the unknown long-term complications
and durability of the implant.

Only one previous study has been published with more than
five years of follow-up comparing both treatments (Table 2)
[9]. This is an important issue since all the complications found
in the present study in the TEA group occurred after five year
follow-up.McKee in a unique randomized controlled trial of 42
patients (15 treated with ORIF and 25 treated with TEA), with a
mean follow-up period of 7.6 years for TEA and 7.7 years for
ORIF concluded that long-term implant survival was excellent
with no patients requiring late revision surgery [8]. However,
there were 25 confirmed deaths (63%) at a mean of 7.5 years
that were not evaluated clinically or radiographically. The fact
that the patients died with the prosthesis does not mean that
either the patient or the prosthesis were fine. The significant
increase in complications found in the TEA group in the present
series with respect to ORIF after five year follow-up is worry-
ing. Although patients with TEA are warned about weight-
bearing activities, this may be impossible for patients because
older patients (as in the present series, over 80 years old) always
have some mobility restrictions which force them to lean on
their arms in order to lift their own weight; this is likely to have
played a role in the main causes of revision surgery in this
series, which were loosening and periprosthetic fractures, com-
plications that need complex revision surgery in a population of
advanced age.

Previous studies with a younger population [3] demonstrat-
ed that TEA due to fracture and fracture sequelae were asso-
ciated with a 1.8-fold increased risk of revision compared with
rheumatoid arthritis.

Several metanalysis have been published comparing both
outcomes. Githnes et al. [17] and Schindelar [7] did not found
statistically significant differences in outcomes for each

Fig. 1 a, b An 82-year-old female with comminuted distal humeral fracture. c Humeral periprosthetic fracture. d, e Humeral stem replaced by a longer
one and synthesis with a humeral plate reinforced with an allograft
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treatment, although both metanalysis have a mean follow-
up time far from the minimum five year follow-up after
which complications began to appear in the present study.

Regarding functional outcomes, MEPS and QuickDash
showed no statistical differences between either treat-
ment, although ORIF obtained better MEPS scores
(TEA/ORIF:71.6/83.6) at long-term follow-up. The ab-
sence of differences in functional scores and ROM be-
tween both treatments have been previously pointed out
by other authors [7], but unlike other studies, the score
obtained by TEA in the present study is much lower. Most
of these studies [20–28] have MEPS scores above 80,
while only the study by Antuña et al. [29] has scores
similar to ours, with 73 points, and coincidentally is one
of the studies with the longer mean follow-up, ap-
proaching five years (57 months). Another factor that
could contribute to this lower score in the TEA group in
the present series is the high mean patients age of the TEA
group which, at 82 years, is above that of all the
abovementioned studies [30].

When analyzing complications in the literature using
TEA as primary treatment for DHF in the elderly
(Table 3), we realize that only two studies have a min-
imum follow-up of five years [27, 33]. Barco et al. [27]
reviewed 19 patients with TEA for fracture with more
than ten years of follow-up. Of them, 42% needed re-
vision surgery. The mean patient age was 71 years old,
nine years younger than that of the present study being
periprosthetic fracture and implant loosening the most
frequents complications. The study by Prasad et al.
[33] studied also 19 patients with a minimum follow-
up of 120 months and a 25% complication and 10%
re-operation rate.

The metanalysis performed by Schindelar et al. [7]
found a lower complication rate in ORIF compared to
TEA (17.0% vs 25.0%). Complications related only to
TEA show rates of 7% for radiographic loosening, 3%
for periprosthetic fracture, and 15% for non-progressive
radiolucency. The higher complication rate after TEA
compared with ORIF, was also supported by Githens
et al. [17] (TEA/ORIF: 37.6%/34.2%), although this dif-
ference was not statistically significant. Recent compari-
sons of complication rates after ORIF vs. TEA have indi-
cated that there is no significant difference between them
[14]; however, only evaluate the 30-day post-operative
complications. Kamineni et al. found that only 65% of
patients were complication-free and revision-free at a
mean follow-up of seven years [31].

As stated previously, most of the published studies have
a low TEA revision rate. The relatively high death rate
(65% in TEA and 55.7% for ORIF) within four to
five years of the primary procedure may contribute to the
overall low TEA revision rate found in those studies [16].Ta
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This low patient survival rate may suggest that most intra-
articular DHF in older patients should undergo TEA given
the faster improved functional outcomes compared to
ORIF. However, this assumption probably cannot be gen-
eralized and must be tailored to the population. The current
life expectancy of Spanish women is 85.8 years, and by
2040, Spain will have the longest life expectancy in the
world [40]; therefore, we must be cautious indicating a
TEA in 80-year-old patients because their average life ex-
pectancy is at least six years longer. The authors also be-
lieve that the low revision rate published in most studies
with a follow-up close to five years may be due to a some-
what “generous” criteria of the surgeon even when loosen-
ing is clinically evident. The combination of advanced age
and low functional demand, as well as the complexity of
revision surgery, play a dominant role in this decision.

Limitations of this study include the retrospective design
and the small sample size that prevents from obtaining very
solid conclusions, although it allows the inference of trends.
Also, the absence of pre-operative functional scores (Dash,
MEPS) represents a limitation since due to the advanced age
of the patients, their pre-fracture functionality would probably
not be complete, and knowing it would help us to determine
the real degree of loss of functionality and disability after
treatment. Despite this, the strengths of the study are the long
follow-up (60 months on average), thus rendering it a valid
and reliable study of a homogeneous patient population on a
subject for which there is lack of medium-term studies.

Conclusion

Although there were no differences in mid-term functional
outcomes between either treatment, our results suggest that
the recent trend towards the use of TEA instead of ORIF in
the elderly population should be re-examined due to the high
complication rates beyond five years of follow up using TEA.
Choice of treatment should not only be based on the patient’s
age but also on life expectancy. For patients over 80 years old,
even with low demand, in whom a life expectancy of more
than five years is expected, TEA should be considered with
some caution and patients should be informed about the se-
verity and high incidence of complications beyond five years.
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